Early life stress in the form of early institutional care has been shown to have wide-ranging impacts on the biological and behavioral development of young children. Studies of brain structure using magnetic resonance imaging have reported decreased prefrontal volumes, and a large literature has detailed decreased executive function (EF) in post-institutionalized (PI) youth. Little is known about how these findings relate to decisionmaking, particularly in PI youth entering adolescence-a period often characterized by social transition and increased reliance upon EF skills and the still-maturing prefrontal regions that support them. As decision-making in risky situations can be an especially important milestone in early adolescence, a clearer knowledge of the relationship between risky decision making and prefrontal structures in post-institutionalized youth is needed. The youth version of the Balloon Analogue Risk Task and a two-deck variant of the Iowa Gambling Task were used to assess risky decision-making in post-institutionalized youth and a community control group (N = 74, PI = 44, Non-adopted = 30; mean age = 12.93). Participants also completed a structural MRI scan for the assessment of group differences in brain structure. We hypothesized that participants adopted from institutions would display poorer performance on risky-decision making tasks and smaller brain volumes compared to nonadopted youth. Results indicated that later-adopted participants made fewer risky decisions than those experiencing shorter periods of deprivation or no institutional rearing. Further, decreased prefrontal volumes were observed in later-adopted youth and were significantly associated with task performance. Our results suggest that changes in risky-decision making behavior and brain structure are associated with the duration of early institutional care.
Introduction
A growing body of evidence has demonstrated that early life stress (ELS) has wide ranging negative impacts on the developing child, including changes in brain structure and function, decreased cognitive performance, and altered recruitment of neurochemical systems (Nelson et al., 2011) . Studies of individuals who have experienced maltreatment including physical, emotional, and sexual abuse have shown increased behavioral problems, decreased cortical brain volumes, and deficits in decision-making ability and cognitive performance Hanson et al., 2015; Trickett et al., 2011; Weller and Fisher, 2013) . Further, studies of children experiencing poverty have described deficits in working memory, differential neural connectivity during emotion regulation, increased homeostatic stress, and poorer physical health (Blair et al., 2011; Chen et al., 2002; Evans and Schamberg, 2009; Kim et al., 2013) . Experiences of ELS have long lasting impacts and may contribute to additional vulnerability during periods of increased environmental susceptibility (e.g. adolescence; Casey, 2015) . In cases of maltreatment and poverty, the experience of stress often extends over long periods of time, making it difficult to understand the effects of developmental timing on the relationship between the stressor and later outcomes. The study of youth adopted internationally from institutional care into well-resourced families, however, may provide insights into the impacts of ELS limited to the first years of life.
such as the dual systems model, suggest that an imbalance in maturity between brain regions involved in reward processing and regions implicated in behavior regulation results in increased sensitivity to the environment and limited ability to generate appropriate responses (Casey, 2015; Crone and Dahl, 2012) . It may be that ELS affects decision-making processes specifically, which could be especially evident during the adolescent period. For example, maltreated children and adolescents have been shown to choose safe options in a risky task more frequently than non-maltreated youth (Guyer et al., 2006) . In a slightly younger sample, Weller and Fisher (2013) reported that maltreated children tended to make risky choices to avoid losses instead of taking risks to gain rewards. These studies suggest a propensity to avoid losses in youth who have experienced ELS, a bias that may be an adaptive response to the experience of adversity in early life even if it may sacrifice the opportunity for gain (Boyce and Ellis, 2005; Humphreys et al., 2015) .
Similar effects have been shown in children with a history of institutional rearing. Post-institutionalized (PI) and post-foster care adolescents failed to gain as many points as non-adopted (NA) youth on a risk taking task, a result that demonstrated lower sensation-seeking behavior in PI compared to NA children (Loman et al., 2014) . Results from a similar task, in which participants could learn when they were more likely to lose points, demonstrated that PI youth took fewer risks and chose to "cash in" rewards more often than NA control youth. However, the tendency to save rewards more often in the PI group was mediated by separation anxiety scores, such that the relationship between PI status and choosing to "cash in" rewards was diminished (Humphreys et al., 2015) . These findings suggest that PI adolescents make risky decisions differently than their NA counterparts, differences that could be related to deficits in other cognitive processes, such as executive function.
Early institutional care and executive function
Executive function (EF) deficits are important in understanding the long term impacts of early psychosocial deprivation in part due to research indicating that EF skills predict social cognition, academic competency, and emotion regulation in children and adolescents (Blair and Razza, 2007; Carlson and Wang, 2007; Hughes, 2011) . In a study of international adoptees tested one year following adoption, Hostinar et al. (2012) reported global EF deficits, with EF being negatively related to both institutional quality and time spent in the biological family prior to entry into the institution.
Deficits in a wide range of EF sub-domains are evident in PI youth. Children who experienced early institutional care made significantly more errors in a spatial working memory task (Bos et al., 2009 ) and showed a deficit in performance on the backward digit span task compared to non-adopted groups (Beckett et al., 2010) . Sub-domain EF differences also may depend on the duration of ELS. For example, PI children adopted after 12 months of age performed significantly worse on the memory, attention, and learning tasks of the Cambridge Neuropsychological Test Automated Battery (CANTAB) and NEPSY Developmental Neuropsychological Assessment when tested between 8 and 10 years of age (Pollak et al., 2010) . Further, children adopted after 6 months of age made more errors on the Tower of London task than children adopted prior to 6 months or NA control children (Beckett et al., 2010) , though not all researchers have observed group differences on the executive control aspects of the CANTAB (see Bos et al., 2009; Pollak et al., 2010) . Additional findings demonstrate negative relations between the duration of institutional care and Stroop performance, inhibitory control, and working memory, further suggesting that the duration of institutionalization may have important implications for later cognitive development (Colvert et al., 2008; Merz et al., 2013; Pollak et al., 2010) . Differences in EF following ELS may be especially important when studying brain volume and decision-making. Deficits in EF are behaviors thought to be supported by the prefrontal cortex, which has been shown to be structurally different in PI children (Hodel et al., 2015; Merz et al., 2016) . Further, risky decision-making tasks, which necessitate choice under circumstances that present the risk of gaining or losing rewards, require many of the same EF skills on which PI youth have been found to perform poorly for optimal performance (Buelow and Blaine, 2015) .
1.3. Early life stress and prefrontal brain structure Stress, even in small, time-limited amounts has been shown to alter prefrontal cortex (PFC) function and connectivity (Liston et al., 2009 ). Alterations to the PFC following stress may be impacted directly by stress-mediating physiological systems. For example, hormones produced in response to stressors may have a negative impact on neuronal survival in the PFC (Lupien et al., 2009 ). Indeed, research has shown that children fostered from Romanian institutions exhibit decreased total gray matter volume compared to Romanian children who had never been institutionalized (Sheridan et al., 2012) . Similarly, youth adopted internationally from institutional care exhibited a bilateral decrease in prefrontal gray matter volume compared to NA comparison youth (Hodel et al., 2015) . Further, Hodel et al. (2015) also reported differences in surface area and a small difference in cortical thickness when comparing PI to NA youth. Reduced cortical thickness in PI youth compared to never institutionalized youth has also been associated with increased inattention and impulsivity (McLaughlin et al., 2014) . These changes in brain structure may be related to the specific stressors associated with time spent in institutional care. Such care is often characterized by daily regimentation, lack of individual caregiver attention, low levels of psychosocial investment from caregivers, and minimal social interaction . Given the extreme plasticity of the brain in the first years of life, the deprivation of social care common in institutions could have substantial impacts on the brains and behavior of PI children. Nelson et al. (2011) suggest that the formation of individual attachment relationships is a biologically expected environment for normative development of brain structure and function. Development of these systems may be hindered by the lack of individualized care provided in institutional settings for the care of children who have been abandoned or separated from their parents.
The current study
Given the links between early institutional care, executive function, and prefrontal volume, we anticipated effects of institutional care on risky decision-making during adolescence. As reviewed above (see Section 1.2), adolescence is a particularly vulnerable period of development and one in which making advantageous decisions can have a large positive impact on long-term outcomes. To date, it is unclear whether the effects of ELS apply specifically to executive function, or if they extend to non-EF contexts, such as risky-decision making. In maltreated youth, decrements are specific to inhibitory control rather than global cognitive ability , though it is unclear whether this kind of specific decrement continues into adolescence or exists in other populations. For this reason, the current study was designed to investigate the associations between early institutional care, risky decision-making, and brain volume in adolescence. We used the Balloon Analogue Risk Task (BART) and the Iowa Gambling Task (IGT) to assess sensation seeking and risky decision-making in PI and NA adolescents, a comparison that provides a useful model for understanding the long-term behavioral effects of stress confined to the first years of life. Participants also completed a structural MRI scan. While much of the prior literature in PI populations that has investigated behavior or brain structure have examined them individually, our study aims to shed light on the contributions of ELS to risky decision-making and its association with brain structure in adolescence.
The sample used in this analysis is a subset of those we reported on previously (Hodel et al., 2015) . That analysis showed a reduction in prefrontal volume, surface area, and cortical thickness in PI youth relative to youth without ELS histories. Based on literature describing decision-making following early institutional care we predicted that PI youth would gain fewer points on the BART and exhibit lower accuracy scores on the IGT than NA comparison youth. In addition, we hypothesized that a decomposition of the IGT into high-and low-payout conditions would reveal differences in risk-taking behavior due to differences in PI adolescents' sensitivity to reward. Finally, as previous literature has suggested that performance on the BART and IGT involve similar prefrontal regions including the ACC, OFC, and dorsolateral prefrontal cortex (dlPFC; Bechara et al., 1994; Hartstra et al., 2010; Li et al., 2010; Rao et al., 2008) , we predicted that specified prefrontal volumes would correlate with behavioral performance. Brain analyses were limited to a priori regions of interest based on previous research investigating the developmental outcomes of stress and structural and functional brain imaging findings and included prefrontal cortex (aggregate), orbitofrontal cortex (OFC) and the anterior cingulate cortex (ACC; Hartstra et al., 2010; Hodel et al., 2015; Li et al., 2010; Liston et al., 2009 ). While differences in cortical surface area, and thickness suggest ontologically distinct mechanisms of change (Panizzon et al., 2009; Raznahan et al., 2011) , we did not have a priori hypotheses specific to these mechanisms. As such, these exploratory analyses investigated cortical volume (used most commonly across studies), surface area, and thickness of the regions of interest measured separately for the left and right hemispheres.
Method

Participants
Our final sample included 74 adolescents (50 female, M age = 12.93 years, SD = 0.58, range = 11.75-14.09 years): 44 PI youth adopted into Minnesota families and 30 NA controls raised in their biological families (PI Group: 28 female, M age = 13.00 years, SD = 0.66; NA Group: 22 female, M age = 12.83 years, SD = 0.43). The PI sample represents a subset of a larger study (e.g. Gunnar et al., 2012; Hodel et al., 2015) drawn from the International Adoption Project Registry maintained at the University of Minnesota. Participants were included in the subsample if they had high-quality imaging and behavioral data. All of the PI youth were adopted by 72 months of age and came from diverse regions of the world, including Colombia (5%), Ecuador (2%), Russia/ Eastern Europe (45%), India/Nepal (16%), China (27%), and Vietnam (5%). Adolescents were excluded for serious illness (e.g. cancer), known genetic conditions (e.g. Down Syndrome), Fetal Alcohol Syndrome, neurological conditions (e.g. epilepsy), developmental disorders (e.g. Autism Spectrum Disorder, Pervasive Developmental Disorder), known IQ below 80, or the presence of MRI exclusions (e.g. orthodontic braces, metal in body, claustrophobia). PI adolescents were not excluded for current diagnosis of psychological/psychiatric disorders such as ADHD or anxiety disorders as excluding PI youth for psychiatric disorders may remove variance of interest. Prior research in internationally adopted populations has reported increases in behaviors that result in future diagnoses (e.g. impulsivity that may result in a diagnosis of ADHD; Zeanah et al., 2009) . As a result, removing PI youth with psychiatric diagnoses may serve to remove variance in the behaviors of interest when comparing adopted to non-adopted youth in the context of risky decision-making. Previous research with internationally adopted youth has also used this method (McLaughlin et al., 2014; Tottenham et al., 2011) .
Non-adopted (NA) comparison youth were recruited from a community participant pool maintained by the University of Minnesota. Adolescents in the NA group were excluded for psychological or psychiatric disorders and for birth complications, in addition to the exclusions listed for PI youth. Parents of all participants completed verbal and written consent procedures and participants completed both verbal and written assent procedures. Both the parents and adolescents were compensated for their efforts in the study. Study procedures were approved by the University of Minnesota Institutional Review Board.
IQ measurement
Global cognitive function was assessed using the Wechsler Abbreviated Scale of Intelligence (WASI; Wechsler, 1999) . Given expected differences in cognitive function between groups, full-scale IQ was used as a covariate in analyses of behavioral measures.
2.3. Questionnaire measures 2.3.1. Impulsivity
Ratings of impulsivity, which evaluate individual participants' ability to inhibit automatic responses, were collated from the MacArthur Health Behavior Questionnaire (HBQ; Essex et al., 2002) which was collected previously when participants were 8−13 years of age. The HBQ is a parent-report measure of multiple health behaviors including ADHD symptoms and signs of impulsivity. Among these questions were items like "[My child] does dangerous things without thinking" or "jumps from one activity to another."
Sensation seeking
Child-report of sensation seeking was assessed using the Sensation Seeking Scale for Children (SSSC; Russo et al., 1993) . Sensation seeking is defined as a need for varied, novel, and complex experiences or sensations and a willingness to take physical and social risks to have these experiences (Zuckerman, 1979) . The SSSC is comprised of 26 forced choice questions on thrill and adventure seeking, drug and alcohol seeking, and social disinhibition which are combined to create a total sensation seeking score. Forced choice questions required participants to choose which of two opposite options is most like themselves (e.g. "I enjoy the feeling of riding my bike fast down a big hill" or "Riding my bike fast down a big hill is too scary for me"). Analyses in the current study utilized the total sensation seeking score. Both the SSSC and HBQ impulsivity measures were analyzed in order to examine group differences in risky decision-making behavior outside of the laboratory context.
Behavioral tasks 2.4.1. BART-Y
Participants completed the youth version of the Balloon Analogue Risk Task (BART-Y; Lejuez et al., 2007) , a task designed to measure sensation seeking and impulsivity. A recent meta-analysis reported small but significant associations between the BART and sensation seeking and impulsivity (r = 0.14 and r = 0.10, respectively; (Lauriola et al., 2014) . During the task, participants were directed to inflate an on-screen balloon by clicking a button that read "Pump." With each pump, the balloon inflated slightly and the participant was given a small amount of money. The balloon on the screen was programmed to pop sometime between the first and 128th pump, at which point any money accrued for that balloon was lost. The probability of the balloon popping increased with each pump. Participants could choose to keep the money they had accrued at any point within a trial by clicking a button that read "Get $$$." Choosing to save the money ended the trial. Participants were told that the bigger they made the balloon before clicking "Get $$$" the more money would accrue in the prize meter. After the 30th trial, the participant received on-screen feedback about the total amount accrued across the task. Performance on the BART-Y was measured using an adjusted average number of pumps per trial, calculated by averaging the number of pumps only for trials during which the balloon did not explode. This measure has been suggested as the most representative metric of performance on the BART as the number of pumps is constrained during trials in which the balloon pops, which serves to limit the between-subject variability when an overall average is calculated (Lejuez et al., 2003) . Data from the BART-Y were checked to ensure that all values were in the expected range and the adjusted average pumps metric was assessed for accuracy following its computation.
Iowa gambling task
A two-deck variant of the Iowa Gambling Task (IGT) was used to evaluate risky decision-making and was completed during MRI scanning (Hartstra et al., 2010) , though only the behavioral data is reported here. Participants were instructed to attempt to accrue as many points as possible by choosing cards from two decks, one of which would provide a net gain and one that would not. To this end, participants used a button box to draw from one of two decks of cards on each trial. Each card presented both the number of points gained (from 50 to 700 points) and the number of points lost (from 0 to −2100 points). As a result, each trial resulted in a net gain or loss of points (i.e. the total number of points gained and lost on a given card). Participants were provided with both gain and loss feedback on every trial, as well as a running total of points earned in the game. The probability of the loss value being 0 on any given card was 50% (i.e. 7 out of every 14 cards contained some loss). Participants completed 12 blocks of 14 trials each, with the goal of maximizing the number of points earned. Each block presented two new decks of cards with unique levels of gain and loss.
IGT task conditions
Each pair of decks differed in number of points gained or lost per card. Every pair of decks was manipulated so that choosing one of the decks exclusively would result in a net gain by the end of the block, while choosing the other deck exclusively would result in a net loss. To earn the most points, participants needed to learn which decks were advantageous (provided a net gain) based upon the feedback they received following the selection of each card.
Each pair of decks was categorized by one of two conditions, a highpayout condition and a low-payout condition. In the high-payout condition, the deck that provided larger rewards on individual trials would also result in a net gain across the block, while the low-paying deck would result in a net loss. Conversely, in the low-payout condition, the deck that provided smaller rewards on each trial resulted in a net gain across the block, while the deck paying large rewards resulted in a net loss (i.e. was associated with large losses). Two decks were used (as opposed to four decks in the original IGT) to ensure that sufficient learning occurred over a relatively short testing period (Hartstra et al., 2010) , and to allow for repeated learning experiences across new pairs of decks. Further, the inclusion of two payout conditions ensured that participants had to be flexible in learning the optimal strategy instead of choosing to only play low-payout decks across all trials. Further, differences in group performance between the high-and low-pay conditions allows for an investigation of reward-sensitivity in the context of risky-decision making. Participant-level data from the IGT was inspected to ensure that participants sampled from both decks during the task.
MRI acquisition and processing
A Siemens 3 T Trio MRI scanner equipped with a 32-channel head coil was used for all MRI sessions. Initial participant position was verified using a sagittal scout series. A T1-weighted, three-dimensional magnetization prepared rapid gradient echo (MPRAGE) series was used to acquire 240 contiguous 1 mm slices in the sagittal plane (TR = 2530 ms, TE = 3.65 ms, FOV = 256 mm, flip angle = 7°, voxel size = 1.0 mm 3 ). Cortical segmentation was performed with the Freesurfer image analysis suite which uses the atlas defined by Desikan and colleagues (Desikan et al., 2006) . This segmentation was used to assess our regions of interest-aggregate prefrontal, OFC, and ACC (version 5.1.0; http://surfer.nmr.mgh.harvard.edu). Aggregate prefrontal cortex was a combination of medial orbital frontal, lateral orbital frontal, pars orbitalis, pars triangularis, pars opercularis, caudal middle frontal, anterior cingulate, middle frontal, superior frontal, and frontal pole cortices. The OFC region of interest included both lateral orbitofrontal and parsorbitalis cortex and the ACC region of interest included both anterior and rostral anterior cingulate. Data processing included motion correction, removal of non-brain tissue with hybrid watershed and surface deformation procedures , automated Tailarach transformation, segmentation of subcortical structures, intensity normalization, automated topology correction and surface deformation procedures to identify transitions to new tissue types (Dale et al., 1999; Fischl et al., 2004; Ségonne et al., 2007; Sled et al., 1998) . Further procedures included surface inflation, registration to atlases using cortical folding patterns, and parcellation of the cerebral cortex by gyral and sulcal structure (Desikan et al., 2006; Fischl et al., 1999a Fischl et al., , 1999b . Good test-retest reliability has been shown across scanners and field-strengths (Han et al., 2006) .
In addition to the default processing steps completed in Freesurfer, all individual structural images were visually inspected by trained staff. Images were inspected for large structural abnormalities (e.g. enlarged or asymmetrical ventricles) and excess motion artifact. Following segmentation, image outputs were visually inspected for gross segmentation errors in the areas of interest. A total of 13 participants were excluded following these quality assurance steps including 9 for excess motion, 3 due to poor segmentation, and 1 for a venous anomaly in the PFC.
Data analysis strategy
Based on previous work, we divided the PI group into earlier-and later-adopted subgroups using a median split of age at adoption. The use of a categorical predictor is supported by previous analyses that have shown significant differences between children adopted prior to specific age benchmarks (Colvert et al., 2008) . Our analyses include an earlier-adopted PI group (adopted prior to 12 months of age; PI-EA), a later-adopted PI group (adopted between 12 and 72 months; PI-LA), and a non-adopted control group (NA).
Group differences in impulsivity, sensation seeking, performance on the BART-Y and IGT, and brain structure were assessed using analysis of covariance (ANCOVA). Bonferroni correction for multiple comparison was included when interpreting pairwise comparisons unless otherwise noted. Sex and age at assessment were included as covariates of noninterest in all analyses. IQ was included as a covariate in analyses of sensation seeking and impulsivity. A number of research groups have assessed the value of including IQ in analyses of the IGT, with results suggesting primary roles for both cognitive and affective processes (e.g. Toplak et al., 2010; Webb et al., 2014) . In other words, performance on the IGT may be best predicted by a combination of IQ and decisionmaking ability in an emotional context. For this reason, analyses of risky decision-making are reported both with and without IQ included in models of task performance. All covariates were mean-centered. The relationships between questionnaire measures and task performance were investigated with Pearson correlation.
Structural MRI measures investigated cortical gray matter volume, cortical thickness, and surface area differences between groups. Statistical analyses of group differences in brain structure were meant to confirm the expected direction of effect found in a previous investigation of brain structure in the sample that this behavioral subset is a part of Hodel et al. (2015) , and are thus not corrected for multiple comparisons. Tests of the association between brain structure and task performance on the BART-Y and IGT included only the a priori regions of interest described, aggregate prefrontal, OFC, and ACC. These brainbehavior associations were exploratory and are presented with a Bonferroni adjusted alpha of 0.0167 to account for the number of regions of interest tested. All imaging analyses included estimated total intracranial volume (eTIV), age at assessment, and sex as mean-centered covariates to account for potentially confounding influences on brain anatomy. Data analysis was completed in SPSS (version 24).
Results
Group demographics
Non-adopted and adopted youth did not differ on most demographic variables including household income, parent education level, sex, or age at assessment (p's > 0.2). There was, however, a significant difference in IQ (t(64) = 2.16, p = .034). PI youth scored seven points lower on the WASI than their non-adopted peers (PI: M = 110.61, SD = 12.87; NA: M = 117.04, SD = 10.57).
Group differences in sensation seeking and impulsivity
Differences were found between the groups on sensation seeking scores (F(2, 55) = 3.924, p = .026). Post-hoc pairwise comparisons revealed that PI-LA youth scored significantly lower than NA youth but not PI-EA youth (Bonferroni corrected p = .021 and p = .279, respectively). PI-EA scores did not differ from those of NA youth.
A significant effect of group on impulsivity scores was also found (F (2, 53) = 4.654, p = .014). Both PI-LA and PI-EA groups were reported to be more impulsive than the NA group (Bonferroni corrected p = .048 and p = .036, respectively), but did not differ from each other.
Group differences in risky decision-making
BART-Y
A significant main effect of group was observed on the BART-Y (F(2, 56) = 6.406, p < .01). PI-LA adolescents pressed significantly fewer times than the NA and PI-EA groups (Bonferroni corrected p = .006 and p = .007, respectively; PI-EA: M = 36.53, SD = 11.26; PI-LA: M = 23.04, SD = 9.7; NA: M = 34.56, SD = 14.25). The NA and PI-EA groups did not differ in the adjusted number of pumps per balloon (see Fig. 1A ).
When IQ was added to the model the group effect remained significant (F(2, 50) = 6.323, p < .01). PI-LA youth pressed significantly less, on average, than did the NA or PI-EA groups (Bonferroni corrected p = .005 and p = .011, respectively; PI-EA: M = 35.37, SD = 10.44; PI-LA: M = 22.19, SD = 8.09; NA: M = 34.80, SD = 14.74). No significant difference was evident between the PI-EA or NA groups.
IGT
A mean accuracy score was calculated to evaluate group differences in performance on the IGT. The proportion of advantageous choices across all trials of the task was used in the group-level analyses. There was only a trend-level main effect of group (F(2, 68) = 2.932, p = .06). The PI-LA group made marginally fewer advantageous choices over the course of the task compared to NA adolescents but did not differ from PI-EA adolescents (Bonferroni corrected p = .055 and p = .447, respectively; PI-EA: M = .71, SD = .12; PI-LA: M = 0.65, SD = 0.15; NA: M = 0.74, SD = 0.12). Once again, no difference was found between PI-EA and NA groups (see Fig. 1B) . No PI vs. NA group differences in mean IGT performance approached significance when IQ was entered into the model.
A follow-up decomposition of the task, in which high-payout and low-payout trials were analyzed separately, revealed similar effects of group on accuracy during high-payout trials. During high-payout trials, PI-LA youth chose from the advantageous deck less often than PI-EA and NA youth (F(2, 68) = 4.677, p < 0.05; Bonferroni corrected p = 0.216 and p = .010, respectively; PI-EA: M = .77, SD = .14; PI-LA: M = 0.69, SD = 0.17; NA: M = 0.82, SD = 0.13 There was no significant difference in accuracy between PI-EA and NA adolescents. No differences were found between groups in the low-payout condition (F (2, 68) = 0.993, p > 0.376; see Fig. 1C ).
Contrary to the results reported above, the inclusion of IQ in models evaluating performance on high-and low-payout trials of the IGT resulted in no main effect of group, but did reveal a significant relationship between IQ and accuracy on high-payout trials (F(1, 59) = 5.570, p < 0.05). The main effect of IQ during high-payout trials suggested that youth with higher IQs made significantly more advantageous choices during high-payout trials. No differences were found between groups in the low-payout condition, nor did IQ predict performance (F(2, 59) = .223, p = .800 and F(1, 59) = 0.328, p = .569, respectively).
Associations between sensation seeking, impulsivity, and decisionmaking
No significant association was found between sensation seeking scores and BART-Y performance in the full sample, nor was there a correlation between HBQ impulsivity and BART-Y scores. In contrast, although the mean number of advantageous choices on the IGT was not significantly correlated with sensation seeking scores, IGT performance was negatively correlated with HBQ impulsivity (r = −0.26, p = .03). There were no significant effects of impulsivity or sensation seeking on either of the decision-making tasks when PI status was included in the analyses.
Group differences in brain structure
Group differences in brain structure in this subset of participants largely confirmed the previous results of Hodel et al. (2015) in the larger sample of PI youth. While there was a trend-level difference between the aggregate PI group and the NA group in left prefrontal volume (F(1, 56) = 3.111, p = 0.083 this effect was driven by the late adopted youth in the sample. PI-LA children exhibited significantly smaller left prefrontal volume compared to control youth (uncorrected p = .043). Left prefrontal volume did not differ between PI-EA youth and PI-LA or NA youth (uncorrected p = .274 and p = .289, respectively; see Fig. 2 ). Smaller right anterior cingulate surface area was also found in PI-LA vs. NA youth, though it only reached a marginal level of significance (uncorrected p = .055). These models included sex, age at assessment, and total intracranial volume as covariates.
Brain structure and task performance
No association between brain structure and task performance was found when all participants were included. However, consistent with an effect of duration of institutional care, left OFC volume was significantly positively associated with adjusted average pumps on the BART-Y, while left ACC volume trended in the same direction but failed to reach significance at the corrected significance criteria (Bonferroni adjusted alpha = 0.0167; F(1,22) = 8.195, p = .009 and F(1,22) = 4.450, p < .047, respectively). These analyses controlled for age at adoption, age at assessment, sex, total intracranial volume, and IQ. Fig. 3 depicts this relationship. Aggregate prefrontal, right OFC, and right ACC volumes did not significantly predict BART performance, nor were regional brain volumes significant predictors of IGT performance.
Discussion
Our results replicate and extend previous findings in the literature that suggest altered risky decision-making in youth who have experienced early adversity. Similar to Loman et al. (2014) , we found that being adopted from institutional care after 12 months of age was associated with pressing less frequently on the BART-Y, and, extending the previous literature to a new task, with making fewer advantageous choices on a variant of the Iowa Gambling Task compared to nonadopted youth. Importantly, these differences were only apparent when comparing PI-LA adolescents to control youth. PI-EA youth and NA youth did not differ significantly from each other in either task. Our results show high concordance with those of previous studies suggesting that the effects of early life institutional care might be best understood in the context of the duration of such care. Previous research has demonstrated that EF deficits seem to be especially apparent in children adopted after 6 months (Colvert et al., 2008) . Similarly, our results suggest that adoption after 12 months of age is associated with differences in risky decision-making. This finding, that risky decisionmaking behavior may differ in adolescence as a function of duration in an institutional care setting (or the age of transition out of the institution), is a novel one and suggests a new area of research in populations that have experienced ELS.
As expected, PI youth differed significantly from non-adopted participants in impulsivity and sensation seeking. Both PI-EA and PI-LA Fig. 1 . Mean adjusted average number of pumps on the BART-Y (A), mean accuracy on the IGT (B), and mean accuracy on high-and low-payout blocks of the IGT (C) for early-, late-and non-adopted adolescents. Error bars show ± 1 SE from the mean. PI-EA = early adopted (<12 months), PI-LA = later adopted ≥ 12 months), NA = non-adopted, raised in biological family. * p < .05, # p < .10. Fig. 2 . Mean right ACC surface area (A) and left prefrontal cortex volume (B) for early-, late-and non-adopted adolescents. Error bars show ± 1 SE from the mean. PI-EA = early adopted (<12 months), PI-LA = later adopted ≥ 12 months), NA = non-adopted, raised in biological family. * p < .05, # p < .1. groups were significantly more impulsive than non-adopted youth, as indicated on a parent report measure. PI-LA youth also exhibited significantly lower sensation seeking scores when compared to the PI-EA and NA groups. What may be surprising, however, was the lack of association between scores of impulsivity or sensation seeking and measures from the behavioral tasks. The BART-Y is moderately correlated with a sensation seeking questionnaire different from the one used here (Lejuez et al., 2007) , but was not related to sensation seeking in the prior study of international adoption that used it (Loman et al., 2014) . Further decomposition of these effects in future analyses may reveal intra-group relationships that clarify the lack of significance in the whole group. For example, difficulty inhibiting automatic responses in combination with low sensation seeking may result in increased withdrawal in risky situations (e.g. fewer pumps on the BART-Y). Buelow and Blaine (2015) reported similarities between the BART and a hot-decision making task, which might suggest the BART is a test of risk-taking propensity. Considering the BART-Y to be a measure of risk-taking propensity suggests that the marginal relationship observed between the BART-Y and sensation seeking seen in the PI-LA participants could indicate reduced motivation to gain rewards, resulting in a decreased likelihood of risk taking during uncertain hot-decision making scenarios. This interpretation would be consistent with previous findings in the PI literature which reported a failure by PI children to show accuracy improvements when a reward was available, compared to trials without the possibility of reward, in an incentivized anti-saccade task, an improvement that is typical in control children (Mueller et al., 2012) . In contrast, Buelow and Blaine (2015) suggest that the Iowa Gambling Task involves a cooler cognitive process, due to the high learning demands of the task. In our study, group differences in performance on the IGT were no longer significant when IQ was entered into the model. It may be that the two-deck version of the IGT used in this study reflects individual differences in learning task conditions rather than risk-taking in adolescents. While this variant was used to ensure that participants would be able to improve their performance across a short imaging paradigm (Hartstra et al., 2010) , it may be that the inclusion of the high-and low-payout rules placed greater emphasis on the learning of different rules across trials than a four deck IGT, subsequently emphasizing cold cognition over and above reward motivation. This interpretation is consistent with prior PI literature that has reported mixed results in similarly cold EF tasks such as the CANTAB (e.g. Beckett et al., 2010 , Bos et al., 2009 Pollak et al., 2010) Consistent with prior literature, smaller brain volumes were associated with the experience of early institutional care. Smaller prefrontal volumes have been reported in adolescents who spent time in institutional care (Merz et al., 2016) . Similarly, within our subset of the larger sample, our findings mirrored those reported by our group previously (Hodel et al., 2015) . Thus, youth who experience institutional care early in life exhibit long term changes in prefrontal brain structure. Among these changes may be decreased surface area in the anterior cingulate, which reached a trend level of significance in this study and is a topic for future inquiry. Following from the significant differences found in the prefrontal cortex of PI youth, we report significant relationships between these regions and the BART-Y. This relationship lends additional importance to prior research investigating brain structure in PI youth, suggesting that decreased brain volume associated with institutional care may have significant effects on risk taking behavior in adolescence.
The current study is limited in several ways. While the design provides a natural sample of time-limited early life stress, it does not account for experiences in the years between adoption and testing, prenatal differences, or variation in quality of care prior to, and following, institutional entry. Data from an increased number of time points following adoption would provide a more complete picture of brain development in adolescence following early institutional care. Additionally, while our results suggest group differences as a function of being earlier or later adopted, we are unable to draw concrete conclusions regarding thresholds for the duration of institutionalization or time of transition into adoptive homes. These sample characteristics constrain analyses to simple associations between brain structure and behavioral performance without directional specificity or causal attributions. Further, the single time-point nature of the data results in a number of statistical tests being performed when attempting to identify brain-behavior relationships following ELS. As such, the exploratory analyses presented here, some of which were not corrected for multiple comparisons, should be further investigated in future research to confirm the direction of effect.
Behaviorally, the relationship between the BART-Y and the Iowa Gambling Task is difficult to disentangle. While both tasks tap decisionmaking processes under variably risky conditions, it is unclear what, if any, construct overlap is present. Though the direction of effects in both tasks is consistent with prior literature, there are several possible conclusions that could be drawn regarding the effects of ELS. For example, the observed effects could be due to group differences in contingency learning, differences in hot vs. cold cognition, or differential sensitivities to reward or risk. Alternatively, poorer performance exhibited by PI youth on these decision-making tasks might reflect increased risk aversion in adolescence following early institutional care. The popping of the balloon during the BART-Y or loss of points during the IGT may have made PI-LA youth in particular warier when making choices during these tasks. Future studies may consider using tasks that explicitly test reward sensitivity (i.e. an incentivized anti-saccade task), in addition to the BART-Y and assessment of EF, to improve the specificity of data interpretation. Fig. 3 . Associations between BART-Y performance and the left OFC volume (p = .009) (A) and left ACC volume (p = .047) (B) of early-, late-, and nonadopted adolescents. Gray region represents ± 1 SE from the mean. PI-EA = early adopted (<12 months), PI-LA = later adopted ≥ ( 12 months), NA = non-adopted, raised in biological family.
A final limitation of our study is the inclusion of PI youth with psychiatric diagnoses while excluding NA adolescents for the presence of psychiatric disorder. As argued above (Section 2.1 Participants), we believe that the removal of PI youth with psychiatric diagnoses such as ADHD or anxiety disorders may remove variance of interest following ELS (e.g. impulsivity that may result in an ADHD diagnosis). However, the converse may also be true. Excluding NA adolescents for psychiatric diagnoses, in a developmental period during which rates of such disorders increase, may serve to inflate group differences. Due to this characteristic of our sample, the reported results should be interpreted with care and balance the benefit of considering phenotypic differences known to be associated with ELS against their potential for resulting in psychiatric diagnosis.
In summary, the current study extends our knowledge of the effects of early institutional care on risky decision-making. Behavioral results on a pair of risk taking tasks indicate that there are specific differences in risky decision-making between PI and NA adolescents. Further, this research corroborates prior associations between structural brain development and early institutional care, extending them to include brain-behavior relationships. Our analyses of the brain regions linked with risky decision-making showed significant associations between brain structure and behavioral performance. This finding supports the widely-held notion that poor outcomes following early life stress may be the consequence of biological pathways leading to cognitive deficits that persist across development. Finally, the current study provides support for the expectation that the timing and duration of ELS plays an important role in determining biological and cognitive outcomes.
Future research should continue to investigate the impact of ELS from multiple levels of analysis, including biological and cognitive outcomes. Investigations of brain structure should specifically test associations between ELS and cortical thickness and surface area in the hopes of increasing mechanistic specificity. Specifically, investigations of cortical thickness and surface area could elucidate the potential for genetic influences or sexual dimorphism in brain development following ELS (Panizzon et al., 2009; Raznahan et al., 2011) . Additionally, a continuing emphasis on the timing, duration, and transition from stress has great potential for understanding models of ELS (Hodel, 2018) . Another important consideration resulting from this work is whether or not the combination of increased impulsivity and decreased sensation seeking might be associated with negative behavioral outcomes later in adolescence. Research that explicitly addresses the behavioral outcomes that may result from altered risky decision-making in PI youth is an important next step toward understanding the impacts of ELS on subsequent development. Further study of risky decisionmaking should emphasize procedures that allow researchers to disentangle the effects of reward sensitivity, sensation seeking, risk aversion, and differences in probabilistic learning ability.
